Al--Cu--Mn causes a significant Improvement in strength characteristics.
The study of such compositions resulted in the creation of VAD23 alloy. The high strength of thip alloy at room temperature is combined with high heat resistance 1 13 at temperatures up to 225' C. Its specific weight Is lower by 3-52 and its modulus of elasticity higher by 5-8Z than alloy, of the D16 and V95 type. In equilibrium with aluminum solid solution in ternary system Al-Cu--Li, according to data (5, p. 423, 6], one finds the following six intermetailic compounds:
1) e-CuAl 2 --tetragonal structure (a -6.06; c -4.89 A);
2) TB--LiCu4Al7. 5 (54.9% Cu and 1.5% Lil), cubic structure of CaF 2 type (a -5.825r--5.8328 1);
3)Tl--Li3CuAl6 (53.8% Cu and 5.42 Li), hexagonal structure (a * 4.96; c -9.35 X);
4) T 2 --Li 3 CuA1 6 (26.92 Cu and 8.8% Li); 5) 8-AlLi, cubic structure (a a 6.37 J)6
6) R--LiaCuWA 5 , cubic structure (a -13.P2 A (7]).
In a USA patent 2 and work (5, p. 4291 a significant increase in the effect of aging of ternary alloys which contain about 4.5Z Cu and 1% Li from the introduction of I% AS; 0.12 Cd and 0.05% In is described.
An analysis of mechanical properties of ternary alloysI of the Al--Cu--Li system with 0.5% Li, after hardening 2 and aging shoved thP, the increase In content of copper from 3 to 62 increases the tensile strength to approximately the same value as in binary alloys without lithium (o' 17 kgf/mm 2 ) [143. With higher contents of lithium (1--4%) the difference in tens:lla strength in "alloys with 3 and 6Z Cu decreases from 5 to 0 kgf/=
2 .
An increase in content of lithium from 0.5 ti 2.02 in an alloy with 3.02
Cu results in work hardening at 20 kgf/l 2 , and in an alloy with 62 Cu--only at 7 kgf/u 2 . Relative elongation with an increase in concentration of lithium to 1.22 is decreased by 2--3 times.
The ternary alloys studied with 0.52 Li are located at 3500 C in a twophase field (Al + T ) of the compound diagram ( Figure 93 ). According to Silcock's data (9] , after aging at 165' C for 16 hr one observes in these alloys a single work hardening phase 8' (Figure 94 ) in quantities which are approxiiately the same as those for alloys without lithim (apparently, this explains their uniformstrength). Alloys with 12 lithium are located in the field (Al + T + T 1 ) and after the aging mentioned above these alloys, except 9', segregatephass T 1 whose formation mainly can explain the changes observed in strength and ductility. Alloys with 2--2.52 Li are found in fields (Al + T 1 ) or (Al + T, + T 2 ) and are characterized by maximum strength. The decrease ia strength of alloys with three or more percent lithium, apparently, is caused by conversion in the field (Al + T 2 + 8).
IThe study of properties of ternary and more complex alloys won done on pressed springs with diameter 10--18 m of laboratory manufaicure. 2 All of the alloys studied were quenched in water at 523-530* C.
-".. 
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Quaternary alloys alloyed with 0.7% Mn, 1.4% Li (first group) and 7% Mn, 0.12 Cd (second group) were studied iu freshly quenched, naturally aged (7 days) and artificially aged (at 190" C, 16 hr) states.
The strength of alloys of the first group increases with an increase in the content of copper as a result of improvLng the hardening effect. The maximum tensile strength (of an alloy with 62 Cu) amounts to 53.5 kgf/uM 2 with relative elongation 5.0%.
Alloys of the second group are located in the Al + 6 phase field (see Figure 93 ). The effect of hardening of these alloys also increases with an increase in the content of copper fwom 2 to 62 (from 3.5 to 12 kgf/=m 2 ), and ductility at the same time decreases by 8-10%. Work hardening after natural aging is weak (0.8--l.5 kgf/lu 2 ), and the size of relative elongation remains large (25--33%).
The effect of artificial aging Increases up to 17 kgý/=2 with an increase in the content of copper to 6X. Relative elongation at the same time is decreased by approximately 2.5 times (d -10%).
The principle of change of mechanical properties due to the content of copper in alloys of the Al--Cu--Mn--Cd system is similar to the relationship in binary Al-Cu alloys (15] .
With a content of 4--6X Cu, the introduction of 0.1% Cd less effectively increases the strength of alloys of Al--Cu--Mn system than does the addition of 1.41 Li. The strength of alloys with cadmium is 6--8 kgf/= 2 lower than alloys of the Al--Cu--Li--Na system with the same content of copper. However, ductility of alloys with cadmium is higher: if there is insignificant difference with 4--52 Cu, then with 6% Cu the ductility of alloys with 0.12
cadmium is approximately two time as high as alloys with 1.4% Li (5 and 10%, respectively).
At
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The combined effect of the addition of lithium (0.7-2.82) and cadmium (0.1Z) on the effect of thermal treatment was studied for alloys of the Al--Cu--a system which contain 0.62 Mn and 2--6% Cu (Figures 95--96 ). ~~state; 2--gardened; 3--Naturally aged; 4--ley; A.
(i /
-r-/--artificially *Sod with a change in the concentration of lithium from 0 to 2.8% changes alons the curve with a emall maximtm both In homogeneous and in heterogeneous alloys. With an increase in concentration of copper, the maximm tensile strength shifts to the side of lover contents of lithium (see Figure 95 ).
Ductility of alloys with all contents of copper decreases when Introducing even 0.7Z Li. However, all the alloys studied which contain loss than 2.1Z
Lt have relative elongation greater than 202.
In all the alloys of the Al-Cu-Li--io--Cd system studied the effect of natural aginS (7 day's) is Insignificant, loses than 5 kgf/ With a change in phase composition of the alloy from (a + 0') to + 9' + T ) the character of decomposition changes: from a predominant segregation of 0o-phase along the grain and the appearance of separate cospact particles along the boundary before seategation along the grain of phase 1 All alloys were aged at 165° C for 16 hr. The alloy is quenched at 520+5* C in water (hot spot temperature is higher than 530' C). Holding during heating under quenching of pressed semimanufactured products must be cut down by 1.5-2 times in comparison with instructions tor series alloys in order to avoid recrystallization and grain growth. One should keep iu mind that articles with fine elements can oxidize during heating. This result, in a decrease both in strencth and in ductility. The time for transfer frou the furnace to the quenching tank must not exceed 40 s. An increase in temperature of the quenching water to 70' C does not affect the mechanical and corrosion properties of the alloy.
Quenching in hotter water or in liquid nitrogen decreause both strength and ductility of the alloy.
The effect of natural aging on the alloy is small. The effect of the length of time of the aging on mechanical properties of clad sheets is presented in Table 59 . After aging at a temperature of 220° C and holding for 0.5 hr and more one observes only recrystalluzation by process annealing.
Thus, xone aging at a temperature of 1600 C is short term (1 hr), and at 170" (G It occurs even more quickly.
During holding times studied -his stage apparently was not observed.
The aging stage of pressed seamimanufactured products of VAD23 alloy are presented in the form of a diagrem in Figure 100 .
•i: \\\ . Table 60 . Long term heating (up to 5000 hr at 500 C) of pressed seminsnufactured products aged at 140' C for 13 hr does not result in a decrease in the ductility the alloy. Strength characteristics increase by 4--3 kgf/m 2 . Heating at 700 C for up to 1000 hr gives the sam results mad for a greater length of tim (3000 and 5000 hr) relative slonqation decreases apprmrlmately by two time.
5'S
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VAD23 alloy defoios well in a hot state. And from it one can make all types of pressed, rolled and forged saemianufactured products.
The characteristics of deformation capability of the alloy in annealad and naturally aged states differ very little from ech other. In an annealed state the alloy in properties Is close to D16H alloy. The alloy aged at 140* C for 18 hr has a much greater ductility than after aging at 160 and 2000 C.
VAD23 alloy is satisfactorily welded in spot and seam welding. 
Structural Alloy 014201
Aluminum, deformable, thermally work-hardened alloy 01420 belongs to the Al-Mg-Li system. The introduction of magnesium and lithium In the aluminum permitted obtaining a material vith a specific weight decreased by 11% in comparison with D16 alloy and e modulus of elasticity Increased by 42. In specific strength at room temperature alloy 01420 Is better than D16T alloy and in corrosion resistance Is close to Ah46M alloy. Pressed and rolled samiuanufactured products ore made from it.
Alloys of the Al-Mg--Li system were studied In detail in 1952 by 
*g
Leit ; t--: The addition of manganese, zirconium and titaniumincreases strength characteristics of sheet and pressed somimanufactured products made from
Al--Mg--Li alloys and also Improves their corrosion resistance (Table 62 , 63).
Additions of manganese and zirconium improve mechanical properties of semimanufactured products to a considerably greate* degrue than does titanium. In water * Testlug in a solution of 3Z NaCl + 0.12 K202.
•* Teoting for the tendency to corrode under stress (stress 0.900.2)
in a 32 solution of NaCi with periodic submrsion.
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The addition of up to 0.15% Zr in a ternary alloy close to the composition described above decreases solubility of magnesium and lithium in aluminum.
Therefore in distinction from a composition with manganese, after quenching at 450" C the large quantity of undissolved particles in the structure of the msemlmnufactured products is decreased, apparently, of equilibrium compounds of aluminum with magnesium and lithium with dimensions 0.1--0.3 microns. Dinsolving of the particles occurs at 500--540' C. tensile strength and yield point increase by 10-14 kgf/mm 2 , relative elongation is decreased by 12Z (Table 64) . ..
• o 1,3-3 -,O,.) . Sheets maed of alloy 01420 In a quenched state have technological characteristics which are lover than those of D16T alloy. One can make parts from sheets of alloy 01420 with a smaller degree of deformation for one transition.
The manufacture of complex parts by stamping, sheathing with double curves stretched on the press or knock-out parts must be produced in several passes using interoperational quenching. For obtaining maxima ductility it is recomended that one quench in water. For final thermal processing of parts made from alloy 01420 for obtaining satisfactory corrosion resistance quenching in air Is desirable.
The use of alloy 01420 in structures shoved that articles of equal value from alloy 01420 are 10-15X lighter than those from alloy D16. The decrease In weight is attained as a result of t v.,ilng the specific weight of alloy 01420 while retaining the strength level of alloy D16. An analogous decrease In weight of structures when using high-strength alloys with increased specific weight is fairly complex to attain because a number of technological and design limitations exist for minimm thickness of parts. moreover, one has to take into account the fact that) by tar, not all the elements of the structure will have maximm load. "Netalluigiya" 1968. 
